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Question 1: Can language have an influence on nonlinguistic pitch
representations?
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ǡ
	 ǯ    Ǥ  ǡ ǡ 
       ǡ   	
Ǥ
  	       Ǧ ǡ
   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
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

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Question 2: How might language influence nonlinguistic pitch
representations?

   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  
  Ǥ         
  ǡ      
       ȋǡ
ͳͻͻ͸ȌǤǡ  
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ǡǤǡʹͲͲʹǢǤǡ
ʹͲͲͺȌǤ   ǡ       
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ȋǤǤ           Ǣ
ƬǡʹͲͲͲǢƬǡʹͲͲͺǢǤǡʹͲͲ͹ȌǤ
ȂȂ
Ǧ
ǡ      ȋ  Ǥǡ ͳͻͻͻǢ
ǡ ǡ ǡ Ƭ ǡ ʹͲͲͷǢ ǡ ǡ Ƭ ǡ ʹͲͲͺǢ
  Ǥǡ ʹͲͲ͹Ǣ ǡ ǡ ǡ ǡ Ƭ ǡ
ʹͲͲͻȌǤ ǡ  ǡ
Ǥ  ǡ      
  ȋ̵̵Ȍ    ȋ̵̵ȌǤ    
      
ȋȌ
    ȋ    Ȍ    
  ȋ  Ǥǡ ʹͲͲ͹ȌǤ  ǡ ǡ  
Ǥǡ
 ȋǤ Ȍ 
ȋȌǤ
  ǡ       ̵̵   
   
  ȋǤǤǡ   Ǥǡ ʹͲͲ͹Ǣ      ǡ
ʹͲͳʹȌǤ
ͳ̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴
ͳͲ
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
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 ǡ 
̵Ǧ
ǤǦ
ǡ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    
ǡ
Ǥǡ
Ǧ     ǡ  
Ǥ


Question3:Doeslanguageestablishassociationsbetweenspaceand
pitchinthefirstplace?

ʹ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
Ǥǡ
Ǧ
ǤǡǦ
      ȋ  Ǥǡ ʹͲͳͲǢ  Ǥǡ ͳͻͺͳȌǤ
ǡ ǡ         Ǧ
ǡ   Ǥ
ǫ
Ǧǫǡ
ǦǦǤ
  ǡ Ǧ  Ǧ   
ǤǦ
 ǡ  Ǧ    Ǥ
ȋǤǤǡ      Ǣ 
ǡ ʹͲͲ͵ǢƬǡ
ͳͻͻͻȌǤ         Ǧ
ǡͶǦǦ
̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴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ǦǤ
       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Question4:ThelocusofspaceǦpitchmetaphorsΫisitinlanguageor
inthought?

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Question 5: How are spaceǦpitch associations represented in the
brain?
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2 All Farsi-speaking participants spoke Farsi on a daily basis, according to a language background 
questionnaire. Most also spoke some Dutch or English, and may have been exposed to height 
metaphors. In principle, this exposure could eliminate the predicted effects, but it could not produce 
them. 
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3 Although it is generally assumed that language is not playing an online role if a task is shown to be 
unaffected by concurrent verbal interference, we acknowledge that alternative interpretations of verbal 
interference exist (e.g., Lupyan, 2012). 
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Figure 3. Results of Experiment 2. Spatial height still influenced pitch estimates, even 
under verbal interference. Error bars represent standard error of the mean. 
Experiment 3: Does Language Shape Pitch Representations?  
Although the data from Experiments 1 and 2 closely follow predictions 
based on linguistic metaphors, they are nevertheless correlational. A 2-part 
training study was conducted to investigate whether language can play a causal 
role in pitch representation.  
First, Dutch speakers completed sentences about pitch relationships using 
Farsi-like thickness metaphors (Thickness Training), or using familiar height 
metaphors (Height Training) as a control. To determine whether this linguistic 
training influenced nonlinguistic pitch representations, we then tested all 
participants on the Thickness Interference task from Experiment 1. If experience 
using thickness-pitch metaphors in language causes Farsi speakers to rely on 
mental representations of spatial thickness to think about musical pitch, then 
repeatedly using similar linguistic metaphors during training should cause Dutch 
speakers to perform similarly to Farsi speakers on the nonlinguistic Thickness 
Interference task. 
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reproduction in thickness-trained participants was statistically indistinguishable 
from the effect in native Farsi speakers, difference of slopes=1.39, t(48)=1.12, ns, 
and was greater than the effect in untrained Dutch speakers, difference of 
slopes=2.06, t(48)=2.02, p=.05.  
Experience using space-pitch mappings in language can change non-
linguistic mental representations of musical pitch. Using the ordinary space-pitch 
metaphors in ones’ native language may shape pitch representations via learning 
mechanisms similar to those that changed people’s representations in this 
laboratory training task.  
 
Figure 4. Results of Experiment 3. Effects of thickness interference on pitch estimates in 
speakers of Dutch after Thickness Training (left) and after Height Training (right). 
Thickness influenced pitch reproduction following Thickness Training, Slope=1.45, 
p=.003, but not following Height Training, Slope=0.08, ns. Error bars represent standard 
error of the mean. 
Experiment 4: Does Language Create Space-Pitch Mappings?  
 
What role does language play in shaping nonlinguistic pitch 
representations? On one proposal, perhaps language is instrumental in creating 
mental metaphors (Boroditsky, 2001; Gentner & Wolff, 2000). Using spatial 
words like 'high' or 'thick' metaphorically could encourage speakers to discover 
analogical correspondences between space and pitch that did not exist (or were 
not used) prior to exposure to linguistic metaphors.  
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Figure 1: Examples of animations presented as stimuli in Experiment 1 (Panel a) and 
Experiment 2 (Panel b). In (a) the extremes of the ball’s vertical trajectory are shown. In 
(b) the extremes of thickness are depicted. The images are reproduced to scale.  
 
Experiment 1: Auditory pitch and visuospatial height  
Methods  
Participants.  
Ten male and ten female infants completed the first (pitch-height) 
experiment (mean age = 129 days, range: 113 to 138 days). Another eight infants 
were tested, but not included in the analyses: two infants were excluded due to 
experimenter error; a further six infants were excluded due to fussiness.  
 
Materials and Procedure.  
QuickTime animations were presented on a 102 x 76 cm Sony LCD screen 
using HABIT software. Animations appeared within a 67 x 67 cm screen area 
(25.6° x 25.6°), and lasted a maximum of 60 s. Before each animation, a flashing 
light appeared to ensure that infants attended to the screen. Infants sat in a Maxi-
Cosi infant seat which was placed on their parent’s lap, viewing the animations 
from a distance of 1.50 m. Infants’ visual fixations were monitored and recorded 
b
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block order (height first, tallness first) as a between-subjects factor. There was 
no significant interaction of Language by Congruency by Block order (t=|0.9|).  
       
Figure 1: The influence of Language (high-low; tall-short) and Congruency (congruent; incongruent) 
on pitch categorization (RTs plotted in milliseconds).  
 
We found congruity effects in both high-low and tall-short blocks, 
suggesting that the wrong words can activate mental metaphors for musical 
pitch so long as they cue the same (or at least a similar) vertical spatial schema 
as the right words.  
However, high-low and tall-short terms have more in common than their 
reference to vertical extent. First, abstracting away from their verticality, both 
pairs of terms name the poles of a linear spatial continuum. Perhaps people will 
intuit an association between pitch and any bipolar linear continuum. Second, 
both antonym pairs share the same pattern of markedness. Unmarked terms are 
commonly defined as the default, evaluatively positive or broader term as 
opposed to the marked one (see e.g Lehrer, 1985; for a critical approach see 
Haspelmath, 2006). Both high and tall would thus be considered unmarked 
terms and both low and short marked terms (Clark, 1973). Whereas high can be 
used to refer to a whole dimension (height), the same is not true for 'lowness'. 
Similarly, one would describe a building as ‘ten meters high’, but not as ‘ten 
meters *low’ (Clark, Carpenter, Just, 1973). Markedness is not necessarily 
restricted to linguistic antonyms; it also extends to nonverbal stimuli such as 
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Figure 2: The influence of Language (high-low; front-back) and Congruency (congruent; 
incongruent) on pitch categorization (plotted in milliseconds). 
 
 
Between experiment comparison 
In both Experiment 1 and 2, English speaking participants responded 
faster when pitch stimuli had to be classified as being high or low (in line with 
their familiar height-pitch metaphors). Moreover, participants also showed a 
congruity effect for tall-short conditions, but not for front-back condition. In 
order to test whether congruity effects differed between the two experiments, 
we compared the two in a mixed effects model. Overall there was a 3-way 
interaction of Language by Congruency by Experiment (t=|2.6|). A further 
analysis compared the magnitude of the congruity effects for tall-short versus 
front-back. A significant interaction of Congruency by Experiment (t=|2.5|) 
indicated that the congruency effect was greater for tall-short than for front-
back. 
 
General Discussion  
We have shown that alongside congruity effects in high-low conditions, 
people also respond faster to congruent tall-short conditions compared to 
incongruent conditions in pitch classification tasks. This finding suggests that 
wrong words can activate height-pitch metaphors so long as they cue the 
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Openquestionsandpuzzles

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Ǧǣ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ǡǤȋʹͲͲʹȌǤ
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ǤǤǡǡǤǤȋͳͻͻͲȌǤ
ǡǡ
ǤScienceǡ248ǡͳͷͷ͸ǦͳͷͷͻǤ
ǦǯǡǤǡǡǤǤǡǡǤǤǡƬ	ǡ
ǤǤȋʹͲͲͺȌǤ
    ǫ  
    Ǥ Cerebral cortexǡ 18ȋͳʹȌǡ ʹͺ͹ͻȂ
ʹͺͻͲǤ
Ǧ
ǡ Ǥǡ Ƭ ǡ Ǥ ȋͳͻͻ͸ȌǤ    
ǣ	ǦǤ JournalofResearch in
MusicEducationǡ44ȋ͵ȌǡʹͲͶȂʹͳͶǤ
ǡ Ǥ Ǥ ȋʹͲͲͻȌǤ    Ǥ Emotion Reviewǡ 1ȋʹȌǡ
ͳʹͻȂͳ͵ͻǤ
ǡ
ǤǤǡǡǤǡƬǡǤǤȋʹͲͲͳȌǤ
ǤBrainandcognitionǡ46ȋ͵Ȍǡ͵͹͵Ȃ͵ͺʹǤ
ǡǤǤǡƬǡǤǤ ȋʹͲͲͻȌǤWednesday is indigoblue:Discovering
thebrainofsynesthesiaǤǡǣǤ
ǡ Ǥǡ ǡ Ǥǡ Ƭ ǡ Ǥ ȋͳͻͻͻȌǤ     Ǧ
ǤNatureǡ398ȋ͸͹ʹͶȌǡʹͲ͵ȂʹͲͶǤ
ǡǤǤǡƬǡǤǤȋͳͻ͹ʹȌǤ
ǤJournaloftheAcousticalSocietyofAmericaǡ51ȋ͹ͻȌǡʹͶ͹ȂʹͷʹǤ
ȋȌǤ
ǡǤȋͳͻͻ͸ȌǤǤPsycheǡ2ȋ͵ʹȌǡͳȂͳ͸Ǥ
ǡ Ǥǡ ǡ Ǥǡ ǡ Ǥǡ ǡ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͲ͸ȌǤ 
        Ǥ Brain researchǡ
1077ȋͳȌǡͳʹ͵Ȃͳ͵ͶǤ

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ǡǤǡǡǤǡƬ
ǡǤȋͳͻͻ͵ȌǤ
  Ǥ Journal of Experimental Psychology: Generalǡ
122ȋ͵Ȍǡ͵͹ͳǤ
ǡǤǤȋʹͲͲͺȌǤThecoordinationofaction:NonǦverbalcooperationinjazz
jamsessionsǤǤ
ǡǤȋʹͲͳͳȌǤThemeaninganduseofideophonesinSiwuǤǡ
Ǥ
ǡǤǡƬǡǤȋͳͻͺͺȌǤǣ
Ǥ ǤǦȋǤȌǡTopics inCognitiveLinguistics
ȋǤʹͲ͹ȂʹʹͻȌǤǣǤ
ǡ Ǥ ȋʹͲͲͺȌǤ Übereinzelsprachliche Tendenzen bei synästhetischen
MetaphernǤ   ǣȀȀǤǦ
ǤȀȀǫαͶ͸͵ͷ
ǡ Ǥǡ ǡ Ǥǡ ǡ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͳʹȌǤ   
ǣ  ǯ     Ǥ  Ǥ
ǡǤǡƬǤǤȋǤȌǡProceedingsofthe34thAnnual
Meetingof theCognitiveScienceSociety ȋǤ ͵Ͳ͸Ȃ͵ͳͳȌǤ   
ʹͲͳʹǡǡǣǤ
ǡ Ǥǡ ǡ Ǥǡ ǡ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͳ͵ȌǤ   
 ǣ     Ǥ
PsychologicalScienceǡ24ȋͷȌǡ͸ͳ͵Ǧ͸ʹͳǤ
ǡǤǡǡǤǡƬ
ǡǤǤȋʹͲͳʹȌǤǣ
Ǧ ǤPsychomusicology:
Music,Mind,andBrainǡ22ȋͳȌǡ͵͵ȂͶͷǤ
ǡ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͳͲȌǤ ǯ      
ǣǦ 
ǤCognitionǡ114ȋ͵ȌǡͶͲͷȂͶʹʹǤ
ǡ Ǥ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͳͲȌǤ  Ǧ  
ǤJournalofvisionǡ10ȋͳȌǡ͸ȂͳʹǤ
	ǡǤǡǡǤǡƬǡǤȋʹͲͳʹȌǤǣǦ
ǤNeurocaseǡ18ȋͳȌǡͷͲȂͷ͸Ǥ
	ǡ Ǥ Ǥǡ ǡ Ǥ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͳͲȌǤ     ǣ 
     Ȃ ǤBrain
andcognitionǡ72ȋ͵Ȍǡ͵͵͵Ȃ͵͵͸Ǥ
	ǡ Ǥ Ǥ Ǥǡ Ƭ ǡ Ǥ Ǥ ȋʹͲͳͲȌǤ     
ǤNeuroImageǡ53ȋͳȌǡʹ͸Ȃ͵͸Ǥ
	ǡ Ǥ Ǥǡ ǡ Ǥ Ǥǡ ǡ Ǥ Ǥǡ òǡ Ǥǡ Ƭ ǡ Ǥ Ǥ ȋͳͻͻͻȌǤ
     ǤNeuroimageǡ 10ȋͶȌǡ
͵ͺͷȂ͵ͻ͸Ǥ
	ǡǤ ǤǡǡǤǡǡ ǤǤǡǡǤ ǤǡƬ	ǡǤǤȋͳͻͻ͸ȌǤ
 ǣ  ǤNeuroimageǡ
4ȋ͵Ȍǡʹʹ͵Ȃʹ͵ͷǤ

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ǡ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͲ͸ȌǤ     
    Ǥ Attention, Perception, &
Psychophysicsǡ68ȋ͹ȌǡͳͳͻͳȂͳʹͲ͵Ǥ

ǡ Ǥ Ǥ ȋͳͻ͹ͶȌǤ The processing of information and structure. ǣ
Ǥ

ǡ Ǥ Ǥǡ ǡ Ǥ Ǥǡ ǡ Ǥ Ǥǡ Ƭ 	ǡ Ǥ ȋʹͲͲʹȌǤ   
ǤCognitionǡ83ȋͳȌǡͶͻȂ͹ͻǤ

ǡǤȋʹͲͲʹȌǤǣǤ
 Ǥ  Ƭ Ǥ Ǥ  ȋǤȌǡModelǦbased reasoning: Science,
technology, values ȋǤ ʹͳȂ͵ͻȌǤ  ǣ  Ȁ 
Ǥ

ǡ Ǥ ȋʹͲͲ͵ȌǤ  ǯ  Ǥ  Ǥ 
 Ƭ Ǥ 
Ǧ
ȋǤȌǡLanguage inmind:Advances in the studyof languageand thought
ȋǤͳͻͷȂʹ͵ͷȌǤǡǣǤ

ǡǤǡƬǡǤȋʹͲͲͲȌǤǤǤƬ
ǤȋǤȌǡCognitivedynamics:Conceptualchangeinhumansand
machinesȋǤʹͻͷȂ͵ͶʹȌǤǡǣǤ

ǡǤǤǡƬǡǤǤȋʹͲͲ͸ȌǤǫ
Trendsincognitivesciencesǡ10ȋ͸Ȍǡʹ͹ͺȂʹͺͷǤ

ǡ Ǥ Ǥǡ ǡ Ǥǡ ǡ Ǥǡ Ƭ ǡ Ǥ Ǥ ȋʹͲͲ͸ȌǤ   
         Ǥ Proceedings of the
NationalAcademyofSciencesoftheUnitedStatesofAmericaǡ103ȋʹȌǡͶͺͻȂ
ͶͻͶǤ

ǡǤǡƬǡǤǤ ȋͳͻͻ͹ȌǤWords, thoughts,and theories ȋǤͳȌǤ
ǡǤ

ǡ Ǥ ȋʹͲͲʹȌǤ 
    Ǥ   ǣ
 Ǥ  Ǥ Ǥ  Ƭ Ǥ  ȋǤȌǡ Spatial
Language: Cognitive and Computational Perspectives ȋǤ ͳʹͳȂͳͶͷȌǤ
ǣǤ
ǡǤǤȋͳͻͺͳȌǤǤJournalofResearchin
MusicEducationǡ29ȋͳȌǡͳͳȂʹͳǤ
ǡǤǡƬǡǤ ȋʹͲͳʹȌǤǦ 
   ǫ Ȃ   ͳͲǦǦ
ǤInfantBehaviorandDevelopmentǡ35ȋͶȌǡ͹ʹ͹Ȃ͹͵ʹǤ
ǡ Ǥ ȋʹͲͲ͸ȌǤ   ȋ     ȌǤ
JournalofLinguisticsǡ42ȋͳȌǡʹͷȂ͹ͲǤ
ǡǤǤǡ
ǡǤǤǡǡǤǡǡǤ
ǤǡǡǤǡǡǤǤǡ
ǡ Ǥǡ  Ǥ ȋͳͻͻͳȌǤ      
     Ǥ Proceedings of the
NationalAcademyofSciencesǡ88ȋͷȌǡͳ͸ʹͳȂͳ͸ʹͷǤ
ǡǤǤǡƬǡǤǤȋͳͻ͹ʹȌǤ
ǤCognitivePsychologyǡ3ȋʹȌǡ͵͵͹Ȃ͵ͷͶǤ

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ǡǤǤȋͳͻͻ͸ȌǤǦǡǡ
ǤTheAmericanjournalofpsychologyǡʹͳͻȂʹ͵ͺǤ
ǡ Ǥ Ǥǡ Ƭ ǡ Ǥ Ǥ ȋʹͲͳͲȌǤ Ǧ  
    Ǥ Perceptionǡ
39ȋ͸ȌǡͺͷͳȂͺ͸ʹǤ
ǡ ǤǤǡ ǡǤǤǡƬǡ
Ǥ ȋǤǤȌǤFunctionalmagnetic resonance
imaging.2004ǤǡǣǤ
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ǡǤǡǡǤǡƬǡǤȋʹͲͳʹȌǤǦ
ǣǤ
EuropeanJournalofDevelopmentalPsychologyǡ10ȋ͵Ȍǡ͵͵͹Ǧ͵ͷͺǤ
ǡ Ǥ Ǥ ȋͳͻͻʹȌǤ      ǣ  
ǤJournalofExperimentalchild
psychologyǡ53ȋͳȌǡʹͶȂͶͶǤ
ǡ Ǥǡ ǡ Ǥ Ǥǡ ǡ Ǥ Ǥǡ Ƭ ǡ Ǥ Ǥ ȋʹͲͲͷȌǤ 
ǣ
ǤCognitive,Affective,&BehavioralNeuroscienceǡ5ȋͳȌǡͷͶȂ͸͸Ǥ
ǡ Ǥ ȋʹͲͳʹȌǤ      ǣ
       
ǤJournalofExperimentalPsychology:Learning,
Memory,andCognitionǡ38ȋ͵Ȍǡ͹ʹ͸Ȃ͹͵͸Ǥ
ǡ 
Ǥ ȋͳͻͻ͵ȌǤ     Ǥ  Ǥ  ȋǤȌǡ
Metaphor and thought ȋǤ ʹǡ Ǥ ʹͲʹȂʹͷͳȌǤ Ȁ ǣ
Ǥ
ǡ
ǤǡƬǡǤȋͳͻͺͲȌǤMetaphorswelivebyȋǤͳͳͳȌǤǣ
Ǥ
ǡ
ǤǡƬǡǤȋͳͻͻͻȌǤPhilosophyintheFlesh:Theembodiedmindand
itschallengetoWesternthoughtǤǤ
ǡǤǤǡǡǤ
ǤǡǡǤǤǡǡǤǡ	ǡǤǤǡǡǤǡ
ǡ Ǥ Ǥǡ  Ǥ ȋʹͲͲͲȌǤ     
ǤHumanbrainmappingǡ10ȋ͵ȌǡͳʹͲȂͳ͵ͳǤ
ǡ Ǥ Ǥ ȋͳͻͻͷȌǤ Syntactic iconicity and linguistic freezes: the human
dimensionȋǤͻȌǤ
Ǥ
ǡǤȋͳͻͺͷȌǤǤJournalofLinguisticsǡ21ȋʹȌǡ͵ͻ͹Ȃ
ͶʹͻǤ
ǡǤǤǡƬǡǤȋʹͻǦ͵ͳȌǤǤǤȋǤȌǡField
ManualVolume10ǤǣǤ
ǡǤǤȋʹͲͲͻȌǤEthnologue:LanguagesoftheworldȋǤͻȌǤ
ǡǤ
ǡ Ǥ Ǥǡ Ƭ ǡ 
Ǥ ȋͳͻͺͲȌǤ Ǧ   
ǣ Ȃ  Ǥ Developmental psychologyǡ
16ȋ͸Ȍǡͷͻ͹Ȃ͸Ͳ͹Ǥ
ǡǤǡǡǤǡ
ǡǤǡƬǡǤ ȋʹͲͳͳȌǤ  
ǤCognitionǡ120ȋͳȌǡ͵͵Ȃͷ͵Ǥ
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ǡ Ǥǡ ǡ Ǥǡ ǡ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͲ͹ȌǤ   
ǣǫJournalofExperimentalPsychology:
HumanPerceptionandPerformanceǡ33ȋͷȌǡͳͳͺͻǦͳʹͲ͹Ǥ
ǡǤǤǡƬ
ǡǤȋʹͲͲͳȌǤ

ǣǤǤƬǤ
ǤȋǤȌǡLanguageacquisitionandconceptualdevelopmentȋǤ
ʹͷ͹Ȃʹͺ͵ȌǤǣǤ
ǡ
ǤȋʹͲͳʹȌǤǣǦ
ǤFrontiersinPsychologyǡ3Ǥ
ǡǤȋͳͻ͹͹ȌǤSemantics.vol.2ǤǤ
ǡ ǤǡƬǡ Ǥ ȋʹͲͲͳȌǤ     
ǤNeuropsychologiaǡ39ȋͳʹȌǡͳ͵ͲͶȂͳ͵ͳ͸Ǥ
ǡ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͲͷȌǤ   ǣ  
ǤTRENDSinNeurosciencesǡ
28ȋͷȌǡʹ͸ͶȂʹ͹ͳǤ
ǡ	ǤǡǡǤǡƬǡǤȋʹͲͲͶȌǤ
ǤCurrentBiologyǡ14ȋʹ͵ȌǡͻͻͲȂͻͻͳǤ
ǡǤǡǡǤǡǡǤǡǡǤǡƬǡǤǤȋʹͲͲͶȌǤ
 ǫ    Ǥ Trends in cognitive sciencesǡ
8ȋ͵ȌǡͳͲͺȂͳͳͶǤ
ǡ Ǥ Ǥ ȋͳͻͺʹȌǤ     ǡ    
Ǥ Journal of Experimental Psychology: Human Perception and
Performanceǡ8ȋʹȌǡͳ͹͹Ȃͳͻ͵Ǥ
ǡ Ǥ Ǥ ȋͳͻͺ͹ȌǤ  Ǧ ǣ Ȃ  
 Ǥ Journal of Experimental Psychology: Human
PerceptionandPerformanceǡ13ȋ͵Ȍǡ͵ͺͶȂ͵ͻͶǤ
ǡǤǤȋͳͻͺͻȌǤǦǣǡ
ǡ  Ǥ Journal of Experimental Psychology: Human
PerceptionandPerformanceǡ15ȋ͵Ȍǡͷͺ͸Ȃ͸ͲʹǤ
ǡǤǤȋʹͲͳͳȌǤǡǤIntellecticaǡ1ȋͷͷȌǡͶ͹ȂͺͲǤ
ǡǤǤǡǡǤǤǡƬǡǤǤȋͳͻͺ͹ȌǤ
ǤMonographsoftheSocietyforResearchinChild
Developmentǡ52ȋͳȌǡͳȂͳͲʹǤ
ǡ 
Ǥǡ Ƭ ǡ Ǥ Ǥ ȋͳͻͻͻȌǤ     
 ǣ      Ǥ
Perceptionǡ28ǡͻͲ͵ȂͻʹͶǤ
ǡ 
Ǥǡ Ƭ ǡ Ǥ Ǥ ȋʹͲͲͳȌǤ ǣ   Ǥ Current
DirectionsinPsychologicalScienceǡ10ȋʹȌǡ͸ͳȂ͸ͷǤ

ǡǤǤȋʹͲͲ͹ȌǤǫ
Language&Communicationǡ27ȋʹȌǡͳͲͻȂͳʹ͸Ǥ
ǡǤǤǡƬǡǤǤ ȋʹͲͲͶȌǤ  Ǥ
    ǤPsychological Science, 15ȋͶȌǡ ʹͶ͵Ȃ
ʹͶ͹Ǥ
 ͳͳʹ
 
ǡǤǤȋͳͻͺͻȌǤǤJournalof
ExperimentalPsychology:HumanPerceptionandPerformanceǡ15ȋͳȌǡ͸ͻȂ
͹ͻǤ
ǡ Ǥ Ǥǡ Ƭ ǡ Ǥ Ǥ ȋͳͻͻͲȌǤ   
ǣ     
ǤMemory&Cognitionǡ18ȋͷȌǡͶ͹͹ȂͶͻͷǤ
ǡ Ǥ Ǥǡ Ƭ ǯǡ Ǥ Ǥ ȋͳͻͺ͹ȌǤ   
 Ǥ Journal of Experimental Psychology: Generalǡ
116ȋͶȌǡ͵ʹ͵Ȃ͵͵͸Ǥ
ǡ Ǥǡ ǡ Ǥǡ ǡ Ǥǡ 
ǡ Ǥǡ ǡ 
Ǥǡ ǡ Ǥǡ Ƭ
	ǡ ǤǤ ȋʹͲͳʹȌǤ      
ǤFrontiersinPsychologyǡ3Ǥ
ǡ Ǥ Ǥǡ ǡ Ǥǡ Ƭ ǡ Ǥ Ǥ ȋʹͲͳͲȌǤ    
ǫ Ǥ
Cognitionǡ117ȋʹȌǡͳͻͳȂʹͲʹǤ
ǡ
ǤǤǡƬǦǡǤǤȋͳͻ͹͸ȌǤLanguageandperception.ǣ
Ǥ
ǡ Ǥ ȋͳͻͺ͸ȌǤ The structure of singing: system and art in vocal techniqueǤ
Ǥ
ǡ Ǥǡ ǡ Ǥ Ǥǡ òǡ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͲͻȌǤ   
  ǣ ǯ    ǡ ǯ  
Ǥ Journal of Experimental Psychology: Learning, Memory, and
Cognitionǡ35ȋ͸Ȍǡͳͷͷ͹Ȃͳͷ͸ʹǤ
ǡǤ ǤǡƬǡǤ ȋʹͲͲͶȌǤ  ǫǦ
   Ǥ Cognitive, Affective, & Behavioral
Neuroscienceǡ4ȋʹȌǡͳ͵͵Ȃͳ͵͸Ǥ
ǡǤǤǡǡǤǤǡƬǡǤǤȋͳͻͻͺȌǤ
 Ǥ Journal of Experimental Psychology: Human
PerceptionandPerformanceǡ24ȋͳȌǡ͸͸Ȃ͹ͻǤ
ǡǤǤȋͳͻͻͶȌǤAnintroductiontothepsychologyofhearingȋ͵ǤǡǤͶȌǤ
ǣǤ
ǡ Ǥ Ǥ ȋʹͲͳͲȌǤ       
Ǥ  Ǥ Ǥ ǡ Ǥ ǡ Ƭ 	Ǥ Ǥ 
 ȋǤȌǡ 
ȋǤͶͷͶȂͶͺͺȌǤǤ
ǡ
ǤǤȋͳͻͻ͸ȌǤǤCognitionǡ60ȋʹȌǡͳ͹͵ȂʹͲͶǤ
ǡ 
Ǥ Ǥ ȋͳͻͻ͹ȌǤ        
ǤCognitionǡ62ȋͳȌǡͻͻȂͳͲͺǤ
¡¡¡ǡǤǡƬǡǤȋʹͲͲͶȌǤ
ǦǤǤǤȋǤȌǡCognitive
neuroscienceofattentionȋǤͳͻͶȂʹͲ͸ȌǤǣ
Ǥ
ǡ Ǥǡ ǡ Ǥǡ ǡ Ǥǡ ǡ Ǥǡ Ƭ ǡ Ǥ Ǥ ȋʹͲͲͷȌǤ 
     Ǥ Neuroimageǡ 25ȋ͵Ȍǡ
͸ͷ͵Ȃ͸͸ͲǤ
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ǡ Ǥǡ ǡ Ǥǡ Ƭ ǡ 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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TheAmericanJournalofPsychologyǡ72ȋ͵ȌǡͶͶ͹ȂͶͶͻǤ
ǡ ǤǤǡ 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Ǥǡ ǡǤǡ ǡ Ǥǡǡ Ǥǡ Ƭ ǡ Ǥ Ǥ
ȋͳͻͻͻȌǤ       Ǥ
Neuroreportǡ10ȋͳͺȌǡ͵ͻ͹ͻȂ͵ͻͺͶǤ
ǡǤȋͳͻͻ͹ȌǤHowthemindworksǤǣǤ
ǡǤǡǡǤǡǡǤǤǡǡǤǡǡǤǡ	ǡǤǤǡǡ
Ǥǡ  Ǥ ȋͳͻͻ͹ȌǤ      Ǥ 
ǤBrainǡ120ȋʹȌǡʹʹͻȂʹͶ͵Ǥ
ǡǤǤǡǡǤǤǡǡǤǤǡƬ	ǡǤ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Neuroimageǡ5ȋʹȌǡͺ͵Ȃͻ͸Ǥ
ǡ Ǥ Ǥ ȋͳͻ͵ͲȌǤ        Ǥ Journal of
ExperimentalPsychologyǡ13ȋ͵Ȍǡʹ͹ͺȂʹͺͷǤ
ǡǤǤǡƬǡ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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Bulletin;PsychologicalBulletinǡ132ȋ͵ȌǡͶͳ͸ȂͶͶʹǤ
ǡǤǤȋͳͻ͹͵ȌǤǯǯǣ
ǤPsychologicalbulletinǡ80ȋͳȌǡͳȂʹͶǤ
ǡǤǡǡ ǤǤǡ
ǡǤǡǡǤǡǡǤǤǡǡ
ǤǤǡƬ
ǡ Ǥ Ǥ ȋʹͲͳͳȌǤ ǡ ǡ  ǣ  
      Ǥ Journal of
CognitiveNeuroscienceǡ23ȋͳͲȌǡʹ͸͵͸Ȃʹ͸ͶͻǤ
ǡ Ǥǡ ǡ Ǥ Ǥǡ ǡ Ǥ Ǥǡ Ƭ ǡ Ǥ Ǥ ȋʹͲͲͻȌǤ  
   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50ȋͶȌǡ͵͹ͺȂͶͳͳǤ
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ǡ Ǥ ȋʹͲͳͳȌǤ  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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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  
ǦǤNeuroimageǡ15ȋͳȌǡʹ͹͵ȂʹͺͻǤ
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ǡ 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





















 ͳͳͺ
 






















 119 
 

̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴
 Ǥ
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